From an actinomycete strain, Streptomyces sp. K99-5041, lanopylins A1, B1, A2 and B2 were isolated as new natural products that inhibited the reaction of recombinant human lanosterol synthase. The crude extract from the whole broth of this strain was fractionated by silica gel column chromatography to afford an active fraction that showed a single spot on TLC. Detailed analyses of this fraction with liquid chromatography-atmospheric pressure chemical ionization mass spectrometry revealed that it contained 20 homologous compounds with differing side chain lengths. The fraction was separated by preparative HPLC to afford four of these homologues, lanopylins A1, B1, A2 and B2. Detailed spectroscopic analyses of these isolated compounds led to the identification of their structures. Lanopylins A1 and B1 were (3E)-isohexadecylmethylidene-2-methyl-1-pyrroline and (3E)-hexadecylmethylidene-2-methyl-1-pyrroline, respectively, and lanopylins A2 and B2 were homologues with the insertion of one cis-ethylenylidene in the side chain of lanopylins A1 and B1, respectively. These compounds respectively.
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Hypercholesterolemia is recognized as a risk factor for atherosclerotic disease, such as coronary heart disease. Moderate exercise and/or diets containing low cholesterol or which suppress cholesterol biosynthesis may prevent the development of hypercholesterolemia. 3-Hydroxy-3methylglutaryl coenzyme A (HMG-CoA) reductase (EC 1.1.1.34) is a clinically validated target for suppressing cholesterol biosynthesis. Inhibitors of this enzyme, for example, pravastatin and lovastatin, are the first choice for pharmaceutical treatment of hypercholesterolemia1 K99-5041 and their structures elucidated using spectroscopic methods. In this paper, we describe the taxonomy and fermentation of the producing strain, and isolation, biological properties, and structure elucidation of these compounds.
Materials and Methods

General
The actinomycete strain K99-5041 was isolated from a soil sample. The International Streptomyces Project (ISP) media recommended by SHIRLING and GOTTLIES9), and media recommended by WAKSMAN10) were used to investigate the cultural and physiological characteristics.
Cultures were routinely observed after incubation for two stopped by adding 6% KOH/EtOH followed by 10-minute the lipids were concentrated and applied to a TLC plate (Merck), which was developed with benzene-acetone (19:1). The resultant TLC plates were exposed to an imaging plate and analyzed with a Photo Image Analyzer BAS-1500 (Fujifilm).
Results and Discussion
Taxonomy of the Producing Organism
The vegetative mycelia grew abundantly on yeast extractmalt extract agar and oatmeal agar, and did not show fragmentation into coccoid forms or bacillary elements.
The aerial mycelia grew abundantly on yeast extract-malt extract agar. The spore chains were open loops and each had more than 20 spores per chain. The spores were a smooth surface ( Fig. 1 ). Whirls, sclerotic granules, sporangia or flagellate spores were not observed. The isomer of DAP in whole-cell hydrolysates of strain K99-5041 was determined to be LL-form. Major menaquinones were MK-9(H6) and MK-9(H8). The cultured broth (7 liters) was extracted with ethyl acetate and centrifuged. The organic layer was dried over Na2SO4 and concentrated in vacuo to dryness to afford 5.5g of red-brown oily material. The crude extract was subjected to silica gel column chromatography (Wakogel(R) C-200, Wako) with a CHCl3-MeOH solvent system.
Activity was concentrated to the single spot of Rf-0.4 on TLC [CHCl3-MeOH (19:1)] to yield 97.3mg of oily material (labeled fraction N).
Fraction N was analyzed by liquid chromatographyatmospheric pressure chemical ionization mass spectrometry (LC-APCIMS) with an ion-trap mass analyzer. The UV and total-ion chromatograms of this fraction comprised 10 peaks, all of which had maximal absorbance at 235nm. The molecular masses (m/z) of these peaks were observed, in order from the peak with the earliest retention time, 317, 317, 331, 331, 345, 345, 359, 359, 373 and 373. We labeled these peaks C, D, E, F, A, B, G, H, I and J, respectively ( Fig. 2-(A) ).
The two peaks A and B were purified from fraction N by preparative HPLC using a Tosoh CCPE-II pump under the following conditions: column, TSK gel ODSrate, 2.0ml/minute; and detection, 234nm. Under these conditions, peaks A and B were eluted at 29 and 31 minutes, respectively. Each of the eluates was concentrated to dryness. These two HPLC fractions were essentially equipotent in the enzyme assay (data not shown). NMR analyses revealed that they were mixtures because the decimal intensities (data not shown).
Next, we performed detailed LC-APCIMS analysis of fraction N. For example, in the mass spectra of peaks A and B, a signal was observed at m/z 320 (26 mass units smaller than the molecular mass m/z 346) and further investigation of the mass chromatograms at m/z 320 and 346 revealed a ca. 0.1-minute time lag in the retention time ( Fig. 2-(B) ). A similar time lag was observed in other HPLC peaks (data not shown). These findings led us to consider that each of the above-mentioned ten peaks (from A to J) was composed of two compounds, differing in molecular mass by 26 mass units, and thus that fraction N contained 20 types of homologous compounds as shown in Fig. 3 . Therefore for The ten peaks identified with LC-APCIMS ( Fig. 2-(A) ) comprise lanopylins C1 and C2 (for peak C), D1 and D2
(for peak D), E1 and E2 (for peak E), F1 and F2 (for peak F), A1 and A2 (for peak A), B1 and B2 (for peak B), G1 and G2 (for peak G), H1 and H2 (for peak H), I1 and I2 (for peak I), and J1 and J2 (for peak J), respectively. peaks A and B, we called the two compounds with molecular mass of 319 lanopylins A1 and B1, and the other two compounds with molecular mass of 345 were called lanopylins A2 and B2, as shown in Fig. 2-(B) .
Lanopylins A1 and A2 were purified from fraction A with further preparative HPLC using the The physicochemical properties of the isolated compounds are summarized in Table 4 . The molecular formulae of lanopylin A1 and B1 were determined to be C22H41N, and the molecular formulae of lanopylin A2 and B2 were determined to be C24H43N by HR-FABMS. The 26mass unit differences between lanopylins A1 and A2 and between lanopylins B1 and B2 therefore corresponded to C2H2.
The structure of lanopylin A1 was elucidated by NMR and MS analyses. Analyses of the 1H-NMR, 13C-NMR, DEPT, and HMQC spectra revealed the presence of two quaternary carbons, two methines, 15 methylenes and three methyl groups. Taken together with the results of analyses of various NMR investigations and the EIMS spectra, the structure of lanopylin A1 was finally elucidated to be (3E)-isohexadecylmethylidene-2-methyl-1-pyrroline (Fig. 4) . The NMR assignment of lanopylin A1 is presented in Table   5 . The evidence was as follows:
1) The 1H homonuclear decoupling measurement by irradiation of H-4, H-7 or H-1' indicated that the 1H-1H coupling constants are 3.0Hz between H-4 and H-7, and 7.3Hz between H-7 and H-1', respectively.
2) The presence of a 3-methylidene-2-methyl-1-pyrroline moiety was indicated by the following NMR data: The 171.7), from H-6 to C-2 and C-3 and from H-7 to C-2 and moiety in the known synthetic compounds20). To the best of our knowledge, no natural products have been previously reported to have this moiety.
protons showed the presence of an iso-branched propyl moiety (gem-dimethyl), (Table 4 ).
5) The geometrical configuration of the double bond between positions 3 and 7 was elucidated to be E by the NOES between H-4 and H-1', and between H-6 and H-7.
In the same manner, the structure of lanopylin B1 was finally elucidated to be (3E)-hexadecylmethylidene-2methyl-1-pyrroline. The NMR assignment of lanopylin B1 is also presented in Table 5 . The evidence was as follows: 2) The evidence that a hexadecyl side chain is attached to the (3E)-methylidene-2-methyl-1-pyrroline moiety at position 7 is as follows: Increase of two methylene carbons, decrease of one methine and one methyl carbons, the triplet were observed in the EIMS spectrum (Table 4) ,
The 1H-NMR spectra of lanopylins A2 and B2 appeared almost the same as those of lanopylins A1 and B1, (2H, brt, J=4-5Hz) and 2.01 (4H, dt, J=-7, -7Hz) ( Table 4 ). Preliminary NMR analyses of fractions A and B showed that these protons were connected to the these two methines and two methylenes correlate to the (data not presented). Thus, the structure of lanopylin A2 was elucidated to be the same as that of lanopylin A1 except that one ethylenylidene (C2H2=26 mass units) was inserted in the isohexadecyl side chain of lanopylin A1. The geometrical configuration of the double bond was neighboring methylene21), although a spin-spin coupling was not observed between olefinic protons. Similarly, the structure of lanopylin B2 was elucidated to be the same as that of lanopylin B1 except that one cis-ethylenylidene (C2H2=26 mass units) was inserted in the hexadecyl side chain of lanopylin B1. The fragmentation of the cis-alkenyl side chain in lanopylin A2 and B2 appeared to resemble that of N-monounsaturated fatty acyl pyrrolidides22). The position of the cis-double bond in the side chain was assumed to be follows: The fragment peak at m/z 274 in the EIMS spectrum of lanopylin A2 was intense, and two ions at 12-mass unit intervals were observed between m/z 234 and 246 (Table 4) , and therefore lanopylin A2 might be (3E)-isooctadec-(11'Z)-enylmethylidene-2-methyl-1pyrroline ( Figs. 3 and 5 ). Similarly, the fragment peak at m/z 274 in the EIMS spectrum of lanopylin B2 was intense and one pair of ions at 12-mass unit intervals was observed between m/z 234 and 246 (Table 4) , and therefore lanopylin B2 might be (3E)-octadec-(11'Z)enylmethylidene-2-methyl-1-pyrroline ( Figs. 3 and 5 ). However, the position of the cis-double bond in the side chain could be elucidated by analyzing the fatty acids that might be produced by ozonolysis of these compounds or fractions.
In conclusion, four compounds, lanopylins A1, B1, A2 and B2 (Fig. 3) were isolated from the Actinomycete strain Streptomyces sp. K99-5041 as new lanosterol synthase inhibitors and their structures were elucidated using spectroscopic methods to be (3E)-isohexadecylmethylidene-2-methyl-1-pyrroline, (3E)-hexadecylmethylidene-2-methyl-1-pyrroline, (3E)isooctadec-(11'Z)-enylmethylidene-2-methyl-1-pyrroline and (3E)-octadec-(11'Z)-enylmethylidene-2-methyl-1pyrroline, respectively. On the basis of the structures of lanopylins A1, B1, A2 and B2, the structures of the other 16 homologues in fraction N were tentatively elucidated by preliminary NMR and LC-APCIMS analyses. All these homologues have the (3E)-methylidene-2-methyl-1pyrroline moiety as a common building block and differ in the length of side chains from lanopylins A1, B1, A2 and B2 ( Fig. 3) . These compounds are the first examples of lanosterol synthase inhibitors of natural origin. They are also the first examples with a naturally occurring (3E)-methylidene-2-methyl-1-pyrroline backbone. We hypothesize that the (3E)-methylidene-2-methyl-1-pyrroline homologues might inhibit lanosterol synthase production by mimicking substrate molecules: the iminium cation generated by protonation and the long side chains might mimic the C-2 cation generated by opening the epoxide and the flanking non-polar hydrocarbons, respectively. We also hypothesize that these homologues might be biosynthesized 
